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(57) A data processing apparatus and card-sized 
data processing device that consume less power and 
operate more reliably than known devices. An antenna 
(10,30) captures a radio wave sent from an external 
reader/writer device, and a receiver (31 ) converts it into 
an electrical signal. From this electrical signal, a first 
power supply circuit (32) produces a first supply voltage 
for use in analog circuits (33). A second power supply 
circuit (34) produces a second supply voltage that is dif- 
ferent from the first supply voltage, for use in memory 
circuits (35). A third power supply circuit (36) produces 
a third supply voltage that is different from the other volt- 
ages, for use in digital circuits (37). The memory and 
digital circuits thus operate with different supply voltag- 
es optimized for their individual requirements. Total 
power consumption of the device is reduced by lowering 
the voltage for the digital circuits, which may include an 
MPU, while giving a higher voltage to the memory cir- 
cuits. 
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Description 

[0001] The present invention relates to a data 
processing apparatus and a data processing device. For 
example, the present invention relates to a card-sized 
data processing device which executes prescribed 
tasks, extracting data and electric power from received 
electromagnetic waves such as a carrier wave that is 
modulated with an information signal. Such a data 
processing device is sometimes called a smart card, 
[0002] Card-sized data processing devices with con- 
tactless interfaces have become of interest in recent 
years, with growing expectations for their various appli- 
cations, ranging from personal use (e.g., credit cards 
and commuter passes) to industrial use (e.g., electronic 
data tags for factory automation and warehouse man- 
agement purposes). Such devices often provide 
processing functions to perform sophisticated tasks. To 
meet today's market needs, they have to have a micro- 
processor with a higher processing speed, inevitably re- 
sulting in increased power consumption. Some design- 
ers overcome this problem by optimizing the power sup- 
ply system in a device, considering the operating volt- 
age of each circuit block. More specifically, a lower sup- 
ply voltage is provided to digital circuits that can operate 
at a relatively low voltage, while a higher supply voltage 
is fed to analog circuits that need a relatively high volt- 
age to satisfy dynamic range requirements. By integrat- 
ing two dedicated power supply circuits, the power con- 
sumption of card-sized data processing devices can be 
minimized. 

[0003] FIG. 11 shows a typical structure of a known 
card-sized data processing device. As seen, the illus- 
trated device is composed of the following elements: an 
antenna 10, four diodes 11-1 to 11-4, a supply voltage 
generator 1 3, a demodulator 1 4, a clock circuit 1 5, a re- 
set circuit 16, a modulator 17, a microprocessor unit 
(MPU) 18, and a nonvolatile memory 19. 
[0004] The antenna 10 emits and captures a radio 
wave to/from external card reader/writer equipment (not 
shown), which contains a carrier wave modulated with 
an information signal. The four diodes 11-1 to 11 -4 form 
a bridge circuit, which full-wave rectifies the radio wave 
signal received by the antenna 10, thereby extracting 
the information signal and DC power. 
[0005] From the DC power appearing at the junction 
point of the diodes 11-1 and 11-2, the supply voltage 
generator 13 produces a supply voltage #1 for analog 
circuits and a supply voltage #2 for digital circuits. More 
specifically, the supply voltage #1 is fed to the demod- 
ulator 1 4, clock circuit 1 5, reset circuit 1 6, and modulator 
1 7, while the supply voltage #2 is fed to the M PU 1 8 and 
nonvolatile memory 19. 

[0006] FIG. 12 shows the detailed structure of the 
supply voltage generator 13. As seen, the supply volt- 
age generator 13 is composed of a regulator 20, a first 
capacitor 21 , a level converter 22, and a second capac- 
itor 23. With the electric power supplied through the di- 



odes 11-1 and 11-2 (FIG. 11), the regulator 20 outputs 
a DC voltage with the level adjusted to the intended sup- 
ply voltage #1 . The first capacitor 21 reduces the output 
impedance of the regulator 20, besides eliminating rip- 

s pie components contained in its output. The level con- 
verter 22 steps down the output of the regulator 20, from 
supply voltage #1 to supply voltage #2. The second ca- 
pacitor 23 reduces the output impedance of the level 
converter 22, besides eliminating ripple components 

10 contained in its output. 

[0007] Referring back to FIG. 11 , the demodulator 1 4 
reproduces an information signal from the bridge output 
signal (i.e., the signal appearing at the junction point of 
the diodes 11-1 and 11-2) and sends the result to the 

15 MPU 1 8. The clock circuit 1 5 extracts a clock signal from 
the bridge output signal and sends it to the M PU 1 8. The 
reset circuit 1 6 produces a reset signal from the bridge 
output signal and sends it to the MPU 1 8. The modulator 

1 7 modulates a carrier wave with an output data signal 
20 supplied from the MPU 1 8. 

[0008] The MPU 18 performs various computational 
operations according to firmware programs stored in the 
nonvolatile memory 19 and also to the incoming data 
signal supplied from the demodulator 14. The process- 
es ing result is stored back into the nonvolatile memory 1 9 
or supplied to the modulator 17 for transmission. The 
nonvolatile memory 1 9 is such a storage device that can 
retain the stored data even if the power supply is shut 
down. It stores programs and data that are necessary 
30 for the MPU 1 8 to execute its tasks. 

[0009] As seen from the above explanation, the de- 
modulator 1 4, clock circuit 1 5, reset circuit 1 6, and mod- 
ulator 1 7 operate at a supply voltage #1 , while the MPU 

1 8 and nonvolatile memory 1 9 operate at supply voltage 
35 #2 that is set to be lower than the supply voltage #1 so 

as to suppress their power consumption. The known de- 
vice is configured in this way to improve its power re- 
quirements. 

[0010] As a general trend, the operating voltage of mi- 

40 croprocessors has been going down with each passing 
year, and some processors available today can even op- 
erate at 1 .8 V, for example. In contrast, the supply volt- 
age of nonvolatile memories stays at a relatively high 
level of about 3 V because such memory devices require 

45 a certain magnitude of energy to read or write data. This 
constraint of memory voltage leads to a problem with 
the known device shown in FIG. 11 . That is, the circuit 
designer cannot reduce the supply voltage #2 further 
because the nonvolatile memory 1 9 does not allow it. In 

so this sense, the nonvolatile memory 1 9 is a bottleneck in 
low-power design of such data processing devices. 
[0011] Another problem in the known circuit of FIG. 
11 is that the MPU 18 and nonvolatile memory 19 are 
powered up at the same time. The nonvolatile memory 

55 19 requires steadiness of its supply and control signal 
voltages for correct operation. Simultaneous activation 
of the MPU 18 may cause an unintended behavior of 
the nonvolatile memory 19 during the power-up. 
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[0012] In view of the foregoing, embodiments of the 
present invention may provide a data processing appa- 
ratus and card-sized data processing device which con- 
sume less power than known devices and operate reli- 
ably. 5 
[0013] According to an aspect of the — present in- 
vention, there is provided a data processing apparatus 
which receives a radio wave modulated with an infor- 
mation signal and performs a prescribed task with data 
extracted from the received radio wave. This apparatus 10 
comprises a receiver and a first, second, and third power 
supply circuits. The receiver receives the radio wave 
and converts it into an electrical signal. From this elec- 
trical signal, the first power supply circuit produces a first 
supply voltage for use in an analog circuit. The second 15 
power supply circuit produces a second supply voltage 
that is different from the first supply voltage, for use in 
a memory circuit The third power supply circuit produc- 
es a third supply voltage that is different from the first 
and second supply voltages, for use in a digital circuit. 20 
[0014] A second aspect of the present invention pro- 
vides a card-sized data processing device which re- 
ceives a radio wave modulated with an information sig- 
nal and performs a prescribed task with data extracted 
from the received radio wave. This card-sized data 25 
processing device comprises a receiver and a first, sec- 
ond, and third power supply circuits. The receiver re- 
ceives the radio wave and converts it into an electrical 
signal. From this electrical signal provided from the re- 
ceiver, the first power supply circuit produces a first sup- 30 
ply voltage for use in an analog circuit. The second pow- 
er supply circuit produces a second supply voltage that 
is different from the first supply voltage, for use in a 
memory circuit. The third power supply circuit produces 
a third supply voltage that is different from the first and^ 35 
second supply voltages, for use in a digital circuit. 
[0015] Reference will now be made, by way of exam- 
ple only to the accompanying drawings, in which: 

FIG. 1 is a conceptual view of a data processing 40 
apparatus according to embodiments of the present 
invention; 

FIG. 2 is a block diagram of a first embodiment of 
the present invention; 

FIG. 3 gives the details of the supply voltage gen- 45 
erator shown in FIG. 2; 

FIG. 4 gives the details of the regulator shown in 
FIG. 3; 

FIG. 5 gives the details of the level converter shown 

in FIG. 3; so 

FIG. 6 gives the details of the switch shown in FIG. 

5; 

FIG. 7 is a block diagram of a second embodiment 
of the present invention; 

FIG. 8 gives the details of the supply voltage gen- ss 
erator shown in FIG. 7; 

FIG. 9 explains how the node voltages and power 
supply voltages vary with time in the second em- 



bodiment shown in FIGS. 7 and 8; 
FIG . 1 0 is a flowchart which explains a general proc- 
ess flow of power control in the second embodi- 
ment; 

FIG. 11 shows a typical structure of a known card- 
sized data processing device; and 
FIG. 12 gives the details of the supply voltage gen- 
erator used in the known device of FIG. 11 . 

[0016] Preferred embodiments of the present inven- 
tion will be described below with reference to the accom- 
panying drawings. 

[0017] FIG. 1 is a conceptual view of a data process- 
ing apparatus according to the present invention. As 
seen, the proposed apparatus comprises: an antenna 
30, a receiver 31 , a first power supply circuit 32, an an- 
alog circuit 33, a second power supply circuit 34, a mem- 
ory circuit 35, a third power supply circuit 36, and a dig- 
ital circuit 37. 

[001 8] The antenna 30 captures radio waves radiated 
from a remote transmitter (not shown). The receiver 31 
converts the captured radio waves into an electronic sig- 
nal. The first power supply circuit 32 produces a first 
supply voltage from the electrical signal that the receiver 
31 outputs, and supplies it to the analog circuit 33. The 
second power supply circuit 34 produces a second sup- 
ply voltage that is different from the first supply voltage 
and feeds it to the memory circuit 35. The third power 
supply circuit 36 produces a third supply voltage that is 
different from both the first and second supply voltages 
and feeds it to the digital circuit 37. 
[0019] The analog circuit 33 may be a modulator and 
demodulator, for example. The memory circuit 35 may 
be a nonvolatile memory, which stores data supplied 
from the digital circuit 37 and analog circuit 33. The dig- 
ital circuit 37 and analog circuit 33 make access to data 
stored in the memory circuit 35 as necessary. The digital 
circuit 37 may be a microprocessor unit (MPU), for ex- 
ample, which performs various computational tasks ac- 
cording to firmware programs stored in the memory cir- 
cuit 35. 

[0020] The apparatus of FIG. 1 operates as follows. 
The antenna 30 captures a radio wave transmitted from 
an external source (not shown) and feeds it to the re- 
ceiver 31 . The receiver 31 converts the captured radio 
wave into an electrical signal and then turns it to a DC 
signal, which is fed to the first power supply circuit 32. 
The first power supply circuit 32 produces a first supply 
voltage from this DC signal to energize the analog circuit 
33. The second power supply circuit 34 then steps down 
the first supply voltage to produce a second supply volt- 
age for the memory circuit 35. The third power supply 
circuit 36 steps down the second supply voltage to pro- 
duce a third supply voltage for the digital circuit 37. 
[0021] The above circuit structure enables the first 
supply voltage, the highest among the three, to be pro- 
vided to the analog circuit 33 that needs a relatively high 
voltage to ensure a sufficient dynamic range. It also pro- 
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vides the third supply voltage to the digital circuit 37 
which can operate at a relatively lower voltage than the 
other two circuits do. The second supply voltage, a mid- 
dle level between the first and third voltages, is supplied 
to the memory circuit 35 whose operating voltage is 5 
higher than that of the digital circuit 37 but lower than 
that of the analog circuit 33. In this way, the present in- 
vention lowers the supply voltage of the digital circuit 
37, which is always activated when the data processing 
apparatus is in use. As a result, the total power con- 
sumption of the apparatus is reduced. 
[0022] While series regulator configuration is gener- 
ally used for power supply circuits, it is known that the 
regulators of this type are not responsive to a sudden 
increase of their load if their steady output current is be- 
low a certain minimum level. In the data processing ap- 
paratus of FIG. 1, the memory circuit 35 operates only 
occasionally, which causes, from the viewpoint of its 
power supply, sudden changes of load current. If there 
were no other loads, the second power supply circuit 34 
would show some instability at the instant when the 
memory circuit 35 begins to operate. 
[0023] In the proposed circuit configuration, however, 
the memory circuit 35 is not the only load of the second 
power supply circuit 34. That is, the second power sup- 
ply circuit 34 has to feed constantly a certain amount of 
power to the third power supply circuit 36 to keep the 
digital circuit 37 active. The presence of this constant 
load current ensures stable operation of the second 
power supply circuit 34. 

[0024] Referring now to FIG. 2, a more specific em- 
bodiment of the invention will be described. FIG. 2 is a 
block diagram of a first embodiment of the present in- 
vention, which shows a card-sized data processing de- 
vice comprising the following elements: an antenna 10, 
diodes 11-1 to 11-4, a supply voltage generator 50, a 
demodulator 14, a clock circuit 15, a reset circuit 16, a 
modulator 1 7, an MPU 1 8, and a nonvolatile memory 1 9. 
[0025] Specifically, the antenna 1 0 emits or captures 
a radio wave to/from card reader/writer equipment (not 
shown), where the radio wave contains a carrier wave 
component that is modulated with, for example, ampli- 
tude shift keying (ASK) techniques. Four diodes 11-1 to 
11-4 form a bridge circuit, which full-wave rectifies the 
radio wave signal received by the antenna 10, thus iso- 
lating an information signal from the carrier, as well as 
extracting DC power therefrom. 

[0026] From the DC power appearing at the junction 
point of the diodes 11-1 and 11-2, the supply voltage 
generator 50 produces three kinds of supply voltages 
#1 to #3. More specifically, the first supply voltage #1 is 
fed to the demodulator 14, clock circuit 15, reset circuit 
16, and modulator 1 7. The second supply voltage #2 is 
fed to the nonvolatile memory 1 9, and the third supply 
voltage #3 is fed to the MPU 1 8. 
[0027] FIG. 3 shows the details of the supply voltage 
generator 50. As seen from FIG. 3, the supply voltage 
generator 50 comprises the following elements: a regu- 



lator 60, a first capacitor 61 , a first level converter 62, a 
second capacitor 63, and a second level converter 64, 
and a third capacitor 65, 

[0028] From the DC power appearing at the junction 
point of the diodes 11-1 and 11-2, the regulator 60 out- 
puts a DC voltage, adjusting its level to the intended sup- 
ply voltage #1 . The first capacitor 61 reduces the output 
impedance of the regulator 60, besides eliminating rip- 
ple components contained in its output. The first level 
converter 62 steps down the output of the regulator 60, 
from supply voltage #1 to supply voltage #2. The second 
capacitor 63 reduces the output impedance of the first 
level converter 62, besides eliminating ripple compo- 
nents contained in its output. The second level converter 
64 steps down the output of the first level converter 62, 
from supply voltage #2 to supply voltage #3. The third 
capacitor 65 reduces the output impedance of the sec- 
ond level converter 64, besides eliminating ripple com- 
ponents contained in its output. 

[0029] FIG. 4 shows the details of the regulator 60. 
The regulator 60 comprises resistors 71 , 72, and 74, a 
comparator 73, and an n-channel MOSFET 75. These 
components as a whole form a shunt regulator, assum- 
ing that the receiver 31 (FIG. 1) serves as a constant 
current source, orthatthere is a certain amount of output 
resistance at the source end. 

[0030] The first two resistors 71 and 72 serve as a 
voltage divider which provides a fraction of the output 
voltage to the non-inverting input of the comparator 73 
as a feedback. The comparator 73 compares this divid- 
ed voltage with the reference voltage Vref and supplies 
the result to the gate of the n-channel MOSFET 75. Ac- 
cording to this signal, the n-channel MOSFET 75 varies 
its resistance to make a certain amount of current flow 
to the ground, so that the output voltage be maintained 
at the set level. The third resistor 74 is a current-limiting 
resistor that protects the n-channel MOSFET 75 from 
overcurrent. In this way, the circuit of FIG. 4 works as a 
shunt regulator to yield a stabilized output voltage. 
[0031 ] FIG . 5 shows the details of the first and second 
level converters 62 and 64. As shown, each level con- 
verter 62 and 64 comprises the following components: 
a comparator 80, a switch 81 , and two resistors 82 and 
83. 

[0032] The resistors 82 and 83 form a voltage divider 
which feeds a fraction of the output voltage back to the 
non-inverting input of the comparator 73 for comparison 
with a given reference voltage. The result of the com- 
parison is used to control the switch 81 . The switch 81 
is actually a p-channel MOSFET 90 shown in FIG. 6, 
which controls the current flowing from input to output, 
according to its gate voltage given by the comparator 
80. That is, the circuit of FIG. 5 operates as a series 
regulator to yield an output voltage that is determined 
by the reference voltage Vref. 

[0033] Referring back to FIG. 2, the demodulator 14 
reproduces a data signal from the bridge output signal 
(i.e., the signal appearing at the junction point of the di- 
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odes 11-1 and 11-2) and sends the result to the MPU 
18. The clock circuit 15 extracts a clock signal from the 
bridge output signal and sends it to the MPU 18. The 
reset circuit 16 produces a reset signal from the bridge 
output signal and sends it to the MPU 18. The modulator 
17 modulates a carrier wave with an output data signal 
supplied from the MPU 18. 

[0034] The MPU 18 performs various computational 
operations according to the programs stored in the non- 
volatile memory 1 9 and also to the incoming data signal 
supplied from the demodulator 14. The processing re- 
sult is saved back into the nonvolatile memory 1 9 or sup- 
plied to the modulator 1 7 for transmission. The nonvol- 
atile memory 19 is a storage device that can retain the 
stored data even if the power supply is shut down. It 
stores programs and data that are necessary for the 
MPU 18 to execute its tasks. 

[0035] The above-described first embodiment oper- 
ates as follows. The card-sized data processing device 
is designed to interact with a reader/writer device (not 
shown), which transmits a carrier wave with a certain 
radio frequency, ASK-modulated with information and 
clock signals. The antenna 10 captures this radio wave 
when the card-sized data processing device is placed 
in the vicinity of the reader/writer device. The electrical 
signal developed at the antenna 1 0 is then full-wave rec- 
tified into a DC signal by abridge rectifier circuit consist- 
ing of four diodes 11-1 to 1 1 -4. 

[0036] Out of the DC power appearing at the junction 
point of the diodes 11-1 and 11-2, the regulator 60 pro- 
duces a DC voltage, adjusting its level to an intended 
voltage, or supply voltage #1 . The supply voltage #1 is 
fed to analog circuits, and charges up — the first capac- 
itor 61 located at the output of the regulator 60. When 
the supply voltage #1 becomes available, the first level 
converter 62 steps down it to another intended voltage, 
or supply voltage #2. The supply voltage #2 is fed to the 
nonvolatile memory 1 9, and charges up the second ca- 
pacitor 63 located at the output of the first level converter 
62. When the supply voltage #2 becomes available, the 
second level converter 64 steps down it to yet another 
intended voltage, or supply voltage #3. The supply volt- 
age #3 is fed to the MPU 18, and charges up the third 
capacitor 65 located at the output of the second level 
converter 64. 

[0037] As noted above, the supply voltage #1 acti- 
vates analog circuits, which include a demodulator 14, 
a clock circuit 1 5, a reset circuit 1 6, and a modulator 1 7. 
Upon power up, the clock circuit 15 begins producing a 
clock signal from the bridge output signal for use in the 
MPU 18. The reset circuit 16 asserts the reset input of 
the MPU 1 8 for a while and then negates it to make the 
MPU 18 start up, at which moment the supply voltage 
#3 has risen to its intended level. The activated MPU 18 
makes access to the nonvolatile memory 1 9 to fetch the 
executable programs stored therein. This enables the 
MPU 18 to interact with the external reader/writer, re- 
ceiving incoming data from the demodulator 14 and 
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sending outgoing data to the modulator 17. 
[0038] As described above, the first embodiment of 
the present invention is configured to have a first level 
converter 62 to provide the nonvolatile memory 1 9 with 

5 its optimal operating voltage (i.e., supply voltage #2). 
The proposed circuit structure makes it possible to lower 
the supply voltage #3 for the MPU 18 without affecting 
the operation of the nonvolatile memory 1 9 or any other 
components in the device. This is effective in reducing 

10 the power consumption of the device since the MPU 1 8 
is always activated during the interaction with external 
reader/writer equipment. 

[0039] Also, the first embodiment provides the non- 
volatile memory 1 9 with a dedicated, optimal power sup- 
's ply, which is decoupled from that of the MPU 18. This 
configuration ensures reliable reading and writing of da- 
ta from/to the nonvolatile memory 19. 
[0040] While p-channel MOSFETs are known to be 
relatively slow in switching from "off 1 state to "on" state, 

20 this problem does not happen to the p-channel MOS- 
FET 90 of FIG. 6. That is, according to the present in- 
vention, the second level converter 64 continuously im- 
poses a certain amount of load on the first level convert- 
er 62 since the always-active MPU 1 8 consumes electric 

25 power constantly. This makes the p-channel MOSFET 
90 stay in a conductive state, thus being free from the 
above switching speed problem. 
[0041 ] Further, the first embodiment of the present in- 
vention employs a plurality of level converters for oper- 

30 ating different groups of circuitry. This arrangement pre- 
vents the circuits in a device from interfering with each 
other through a common power supply, thus ensuring 
more reliable operation of the device. 
[0042] Referring next to FIG. 7 and subsequent draw- 

35 ings, there is explained another specific embodiment of 
the invention. FIG. 7 is a block diagram of a card-sized 
data processing device according to a second embodi- 
ment of the present invention. The illustrated device 
shares some common functions and signals with the 

40 first embodiment discussed in FIG. 2. The following ex- 
planation will focus on its distinctive points, while affixing 
like reference numerals to like elements. 
[0043] The second embodiment differs from the first 
embodiment in that it has a supply voltage generator 55 

45 that is different from the foregoing supply voltage gen- 
erator 50, and also in that the clock circuit 15 and reset 
circuit 1 6 are provided with a dedicated power source, 
named "supply voltage #0." The other circuit blocks op- 
erate just as in the first embodiment shown in FIG. 2. 

so [0044] FIG. 8 gives the details of the supply voltage 
generator 55 shown in FIG. 7. This circuit shares some 
common elements with the circuit discussed in FIG. 3. 
The following explanation will not cover them, while af- 
fixing like reference numerals to like elements. 

55 [0045] The supply voltage generator 55 of FIG. 8 dif- 
fers from that of FIG. 3 in that three switches 1 1 0 to 1 1 2 
are placed at the outputs of the regulator 60, first level 
converter 62, and second I eve I converter 64, respective- 



EP 1 306 741 A2 



5 



# 



• 



EP 1 306 741 A2 



ly. Another difference is a power supply controller 113 
that is employed to control those switches 110 to 112. 
[0046] The switches 1 1 0 to 1 1 2 are MOSFET switch- 
es illustrated in FIG. 6. The first switch 1 1 0 controls pow- 
er supply to the demodulator 14 and modulator 17 by 
turning on and off the supply voltage #1 produced by the 
regulator 60, according to a control signal sent from the 
powersuppty controller 1 1 3. The second switch 1 1 1 con- 
trols power supply to the nonvolatile memory 1 9 by turn- 
ing on and off the supply voltage #2 produced by the 
first level converter 62, according to another control sig- 
nal sent from the power supply controller 113. Likewise, 
the third switch 112 controls power supply to the MPU 
1 8 by turning on and off the supply voltage #3 produced 
by the second level converter 64, according to yet an- 
other control signal sent from the power supply control- 
ler 113. 

[0047] The power supply controller 1 1 3 is constructed 
with a timer and other components. When a certain level 
of voltage is developed at the diode bridge output, the 
power supply controller 1 1 3 starts counting the time with 
its integral timer circuit. It activates the two switches 1 1 0 
and 112 one by one when the timer reaches each pre- 
determined value. Besides, the power supply controller 
113 may control the second switch 111 in such a way 
that the nonvolatile memory 19 will be powered only 
when there is an active access request. 
[0048] The second embodiment operates as follows. 
As noted earlier, the card-sized data processing device 
interacts with a reader/writer device, using a radiofre- 
quency carrier wave that is ASK-modulated with infor- 
mation and clock signals. The antenna 1 0 captures this 
radio wave when the card-sized data processing device 
has reached the vicinity of the reader/writer device. The 
electrical signal developed at the antenna 1 0 is then full- 
wave rectified into a DC signal by a bridge rectifier circuit 
consisting of four diodes 11-1 to 11-4. Out of the DC 
power appearing at the junction point of the diodes 1 1 -1 
and 11-2, the regulator 60 in the supply voltage gener- 
ator 55 produces a DC voltage, adjusting its level to an 
intended voltage, i.e., supply voltage #0. 
[0049] FIG. 9 is a timing diagram showing how the 
voltages at nodes #1 to #3 and power supply voltages 
#0 to #3 vary with time in the second embodiment shown 
in FIG. 8. First, the voltage of node #1 (i.e., output of 
regulator 60) begins to rise at time point t1 as shown in 
part (A) of FIG. 9, which means activation of the supply 
voltage #0 as shown in part (D) of FIG. 9. With the supply 
voltage #0 given, the clock circuit 1 5 and reset circuit 1 6 
start supplying a clock signal and reset signal to the 
MPU 18. The reset circuit 16 resets signal to the MPU 
18 for a predetermined period. 

[0050] With the active output of the regulator 60, the 
first level converter 62 begins its step-down operation. 
As a result, the voltage of node #2 starts to rise at time 
point t2 as shown in part (B) of FIG. 9, which enables 
the second level converter 64 to begin step-down oper- 
ation, causing the voltage of node #3 to rise at time point 



10 

t3 as shown in part (C) of FIG. 9. 
[0051 ] Subsequently, the power supply controller 1 1 3 
turns on the first switch 110 at time point t4. Since this 
causes the supply voltage #1 to go up as shown in part 

5 (E) of FIG. 9, the demodulator 1 4 and modulator 1 7 be- 
come ready for operation. The power supply controller 
113 then activates the third switch 112 at time point t5, 
making the supply voltage #3 rise as shown in part (G) 
of FIG. 9. The MPU 18 is powered up accordingly. 

10 [0052] The above-described sequence permits the 
clock circuit 15 and reset circuit 16 to receive the supply 
voltage #0 at time point t1 . This is followed by the de- 
modulator 1 4 and modulator 1 7, which receive the sup- 
ply voltage #1 at time point t4, and then by the MPU 1 8, 

15 which receives the supply voltage #3 at time point t5. 
The MPU 18 is now able to interact with the external 
readerAwriter, receiving incoming data from the demod- 
ulator 1 4 and sending outgoing datatothe modulator 17. 
[0053] Suppose here that the M PU 1 8 needs to make 

20 access to the nonvolatile memory 1 9. The power supply 
controller 113 detects this and thus turns on the second 
switch 111 at time point t6 as shown in part (F) of FIG. 
9. As a result, the supply voltage #2 is fed to the non- 
volatile memory 19, allowing the MPU 18 to write and 

25 read data to/from intended addresses. When this mem- 
ory access from the MPU 18 is finished, the power sup- 
ply controller 1 1 3 turns off the second switch 1 1 1 to stop 
feeding the supply voltage #2 to the nonvolatile memory 
19. 

30 [0054] As seen from the above, the second embodi- 
ment employs switches 1 1 0 to 1 1 2 to provide each sup- 
ply voltage #1 to #3 at the right timing. This feature en- 
sures reliable operation of the nonvolatile memory 19 
because it stays disabled until the control signals from 
35 the MPU 18 become stable. In addition, the arrange- 
ment of the second embodiment contributes to total 
power reduction of the device, since it energizes the 
nonvolatile memory 1 9 only when necessary. This pow- 
er control technique may be applied not only to the non- 
40 volatile memory 1 9, but also to other circuit blocks if they 
are used only occasionally. 

[0055] Regarding the time sequence of power control , 
the device may activate a circuit with a large power con- 
sumption or a circuit that needs powering up earlier than 

45 any other ones. While, as mentioned earlier, different 
circuits could interfere with each other when they were 
connected to a common power supply, the above control 
policy prevents that kind of interference from happening. 
[0056] Referring finally to the flowchart of FIG. 10, the 

so processing sequence executed in the second embodi- 
ment will be explained. This sequence is initiated when 
the device shown in FIG. 7 has reached the vicinity of a 
reader/writer device. More specifically, it proceeds ac- 
cording to the following steps: 

55 

(S10) The regulator 60 starts feeding the supply 
voltage #0 to the clock circuit 15 and reset circuit 
1 6. That is, the regulator 60 produces a supply volt- 
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age from a DC voltage at the junction point of the 
diodes 11-1 and 11-2, controlling it to be a prede- 
termined voltage. The produced voltage, i.e., sup- 
ply voltage #1 , is provided to the clock circuit 1 5 and 
reset circuit 1 6. 

(511) The power supply controller 113 starts feed- 
ing the supply voltage #1 to the demodulator 1 4 and 
modulator 17 by turning on the first switch 110. 

(512) The power supply controller 113 starts feed- 
ing th e supply voltage #3 to the M PU 1 8 by turning 
on the third.switch 112. 

(513) By parsing the output of the demodulator 14, 
the MPU 1 8 determines whether any meaningful in- 
formation is received from the reader/writer device, 
if so, the process advances to step S14. If not, this 
step S13 is repeated. 

(514) The power supply controller 113 determines 
whether the MPU 18 has any command to execute. 
If it has, the process advances to step S15. If not, 
this step S14 is repeated. 

(515) The power supply controller 113 starts feed- 
ing the supply voltage #2 to the nonvolatile memory 
19 by turning on the second switch 111 . 

(516) The power supply controller 113 determines 
whether the MPU 1 8 has finished its access to the 
nonvolatile memory 1 9. If so, the process advances 
to step S17. Otherwise, this step S16 is repeated. 

(51 7) The power supply controller 113 stops feed- 
ing the supply voltage #2 to the nonvolatile memory 
19 by turning off the second switch 111 . 

(51 8) The MPU 1 8 determines whether to terminate 
the present process. If the process should be con- 
tinued, the MPU 18 returns to step S13. If not, the 
MPU 18 exits from the present process. 

[0057] The second embodiment shown in FIG. 7 can 
be implemented in the process explained above. 
[0058] While two embodiments were described so far, 
they should be considered as illustrative only, and there 
is no need to limit the present invention to those specific 
circuit arrangements. Rather, the present invention can 
include a number of variations. Take the first level con- 
verter 62, for example. While it is placed at the output 
of the regulator 60 in the foregoing two embodiments, 
the first level converter 62 may be connected directly to 
the junction point of the diodes 11-1 and 11-2. Likewise, 
it is possible to configure the second level converter 64 
such that it will receive source power directly from that 
same junction point, or from the output of the regulator 
60. 

[0059] Regarding the transmission medium for infor- 
mation and operating power, it would be possible to use 
a medium other than radio waves, such as infrared rays. 
[0060] Further, the present invention should not be 
limited to card-sized data processing devices. Needless 
to say, it is possible to apply the concept of the present 
invention to other types of data processing devices. It 
should also be noted that the most part of the circuit 



shown in FIG. 2 or FIG. 7 can be implemented in a sem- 
iconductor device or devices. 

[0061] The above discussion is summarized as fol- 
lows. According to embodiments of the present inven- 

5 tion, a data processing apparatus receives a radio wave 
modulated with an information signal and performs a 
prescribed task with data extracted from the received 
radio wave. The apparatus comprises a radio wave re- 
ceiver and three power supply circuits. The receiver re- 

10 ceives the radio wave and converts it into an electrical 
signal, from which the first power supply circuit produces 
a first supply voltage for use in an analog circuit. The 
second power supply circuit produces a second supply 
voltage that is different from the first supply voltage, for 

15 use in a memory circuit, and a third power supply circuit 
produces a third supply voltage that is different from the 
other voltages, for use in a digital circuit. The above ar- 
rangement of the present invention permits different cir- 
cuits to operate with different supply voltages optimized 

20 for their individual requirements, thereby reducing the 
total power consumption of the apparatus, as well as 
ensuring correct operation of each part of the apparatus. 
Such features of the present invention are considered 
particularly beneficial for card-sized data processing de- 

25 vices, which are required to operate with less power 
consumption. 

[0062] The foregoing is considered as illustrative only 
of the principles of the present invention. Further, since 
numerous modifications and changes will readily occur 

30 to those skilled in the art, it is not desired to limit the 
invention to the exact construction and applications 
shown and described, and accordingly, all suitable mod- 
ifications and equivalents may be regarded as falling 
within the scope of the invention in the appended claims 

35 and their equivalents. 



Claims 

40 1. A data processing apparatus which receives a radio 
wave modulated with an information signal and per- 
forms a prescribed task with data extracted from the 
received radio wave, comprising: 



45 a receiver (31) which receives the radio wave 

and converts the received radio wave into an 
electrical signal; 

a first power supply circuit (32) which produces 
a first supply voltage from the electrical signal 
so provided from said receiver, for use in an ana- 

log circuit (33) ; 

a second power supply circuit (34) which pro- 
duces a second supply voltage that is different 
from the first supply voltage, for use in a mem- 
55 ory circuit (35); and 

a third power supply circuit (36) which produces 
a third supply voltage that is different from the 
first and second supply voltages, for use in a 
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digital circuit (37). 

2. The data processing apparatus according to claim 
1 , wherein: 

said second power supply circuit (34) produces 
the second supply voltage by stepping down 
the first supply voltage; and 
said third power supply circuit (36) produces 
the third supply voltage by stepping down the 
second supply voltage. 

3. The data processing apparatus according to claim 
1 or 2, further comprising: 

a switch circuit (81,111) inserted between the 
second power supply circuit and the memory 
circuit; and 

a control circuit (80,113) which turns on said 
switch circuit after the second supply voltage 
becomes stable. 

4. The data processing apparatus according to claim 
1 or 2, further comprising: 

a switch circuit (81,111) inserted between the 
second power supply circuit and the memory 
circuit; and 

a control circuit (80,113) which turns on said 
switch circuit to feed power to the memory cir- 
cuit only when there is an active access request 
to the memory circuit. 

5. A card-sized data processing device which receives 
a radio wave modulated with an information signal 
and performs a prescribed task with data extracted 
from the received radio wave, comprising: 

a receiver (31) which receives the radio wave 
and converts the received radio wave into an 
electrical signal; 

a first power supply circuit (32) which produces 
a first supply voltage from the electrical signal 
provided from said receiver, for use in an ana- 
log circuit (33) ; 

a second power supply circuit (34) which pro- 
duces a second supply voltage that is different 
from the first supply voltage, for use in a mem- 
ory circuit (35) ; and 

a third power supply circuit (36) which produces 
a third supply voltage that is different from the 
first and second supply voltages, for use in a 
digital circuit (37). 

6. The card-sized data processing device according 
to claim 5, wherein: 

said second power supply circuit (34) produces 
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the second supply voltage by stepping down 
the first supply voltage; and 
said third power supply circuit (36) produces 
the third supply voltage by stepping down the 
s second supply voltage. 

7. The card-sized data processing device according 
to claim 5 or 6, further comprising: 

a switch circuit inserted between the second 
power supply circuit and the memory circuit; 
and 

a control circuit which turns on said switch cir- 
cuit after the second supply voltage becomes 
stable. 

8. The card-sized data processing device according 
to claim 5 or 6, further comprising: 

a switch circuit inserted between the second 
power supply circuit and the memory circuit; 
and 

a control circuit which turns on said switch cir- 
cuit to feed power to the memory circuit only 
when there is access to the memory circuit. 

9. An electronic device comprising: 

a receiver (31) which receives electromagnetic 
waves and converts the received electromag- 
netic waves into an electrical signal; 
a first power supply circuit (32) which produces 
a first supply voltage from the electrical signal 
provided from said receiver, for use in a first cir- 
cuit (33) ; 

a second power supply (34) circuit which pro- 
duces a second supply voltage that is different 
from the first supply voltage, for use in a second 
circuit (35) ; and 

a third power supply circuit (36) which produces 
a third supply voltage that is different from the 
first and second supply voltages, for use in a 
third circuit (37). 



EP 1 306 741 A2 



15 



20 



25 



30 



35 



40 



45 



50 



8 



EP 1 306 741 A2 



r 30 

V 



31 



RECEIVER 



r 



32 



FIRST POWER 
SUPPLY CIRCUIT 



34 



SECOND POWER 
SUPPLY CIRCUIT 



r 



36 



THIRD POWER 
SUPPLY CIRCUIT 



33 



ANALOG 
CIRCUIT 



35 



MEMORY 
CIRCUIT 



r 



37 



DIGITAL 
CIRCUIT 



FIG. 1 



9 



EP 1 306 741 A2 




O 



10 




o 



11 



EP 1 306 741 A2 



u_r 




EP 1 306 741 A2 




LU 
O 



lu rt 



13 



EP 1 306 741 A2 



INPUT- 



OUTPUT 



TT 



CONTROL SIGNAL - 



^90 



FIG. 6 



14 



EP 1 306 741 A2 




y > 

z O 
> 



LU 

















O 












cr 


I— 




O 




o 




o 






cr 




cr 






ZD 




o 




o 






Q 








h- 




ZD 


O 


LO 


o 


CO 


LU 

CO 




Q 






o 






O 


DE 




CL 




LU 

cr 




2 



vMM; 



15 



EP 1 306 741 A2 



CO 




16 



EP 1 306 741 A2 




17 



EP 1 306 741 A2 



( START ) 
| /-S 10 

START SUPPLYING POWER TO 
RESET CIRCUIT AND CLOCK CIRCUIT 

START SUPPLYING POWER TO 
DEMODULATOR AND MODULATOR 

I /-S 12 



START SUPPLYING POWER TO MPU 




START SUPPLYING POWER TO 
NONVOLATILE MEMORY 




STOP SUPPLYING POWER TO 
NONVOLATILE MEMORY 




FIG. 10 



18 



EP 1 306 741 A2 




19 



